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We show how models of random formulae can be mapped onto a physical framework and employ
methods of statistical physics, developed specifically to analyze the typical behavior of random
disordered systems, to gain insight into the behavior of noisy Boolean random formulae. The stability
of the circuit towards input-layer perturbations and its dependence on the input magnetization have
been studied to establish the main characteristics of the generated formulae. To investigate the
properties of noisy circuits we consider two copies of the same topology with different temperatures
representing the noisy and noiseless versions of the same circuit. We show that the typical-case
macroscopic behavior observed corresponds straightforwardly to the bounds obtained in the
information theory literature for specific cases. Being very general, the framework is extended to
consider further properties of random Boolean formulae for different gates, the level of error and
function-bias expected at any depth, the sensitivity to input perturbations and expected convergence
rate depending on the input bias, gate properties and gate-noise level. This framework enables one to
discover typical properties of noisy computation that are inaccessible via traditional methods of
information theory and complements the analysis carried out in the theoretical computer science and
information theory communities.

A. Mozeika, D. Saad and J. Raymond, ``Computing with Noise -Phase Transitions in Boolean
Formulas'', Phys. Rev. Lett. 103, 248701 (2009).
A. Mozeika, D. Saad and J. Raymond, ``Noisy Random Boolean Formulae - a Statistical Physics
Perspective'', Phys. Rev. E, 82, 041112 (2010).

Biography:   David Saad obtained a BA in Physics and a BSc in Electrical Engineering at the
Technion, Haifa, Israel and later on an MSc in Physics (relativistic field theory) and a PhD in Electrical
Engineering (neural networks) at the Tel-Aviv University. In 1992 he joined the neural networks group
in the physics department at Edinburgh University first as a postdoc and later on as a lecturer, working
mainly on theoretical issues. In 1995 he joined the Neural Computing Research Group at Aston as a
lecturer and was promoted later on to a reader (1997) and subsequently to a professor (1999).  Since
2006 he has been the Head of the Mathematics Group.

For more informa+on contact the technical host Misha Chertkov, chertkov@lanl.gov, 665‐8119
or the ins+tu+onal host Frank Alexander, Ca@lanl.gov, 665‐4518.
Hosted by the Informa+on Science and Technology Center (ISTC)

Professor David Saad
Department of Engineering and Applied Science

Aston University, Birmingham, UK

"The Sta+s+cal Physics of Noisy Computa+on"

Wednesday, December 1, 2010
3:00 ‐ 4:00 PM

TA‐3, Bldg. 1690, Room 102 (CNLS Conference Room)

Informa+on Science and Technology Center Seminar

UNCLASSIFIED

UNCLASSIFIED


